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PDQXIDFWXULQJ SHUIRUPDQFH YLD DGRSWLQJ ³OHDQ V\VWHPV´ WR HQDEOH HFRQRPLF VXFFHVV LQGLIILFXOW WLPHV$PRQJ WKH MRXUQH\ WR
OHDQRQHRIWKHKDUGHVWVWHSVLVPHDVXULQJWKHSURJUHVVRIOHDQSROLFHVLPSOHPHQWDWLRQHVSHFLDOO\LQWKLVKLJKO\G\QDPLFPDUNHW
7KLVSDSHUSUHVHQWVDG\QDPLFPRGHOWRHYDOXDWHWKHGHJUHHRIOHDQQHVVLQPDQXIDFWXULQJILUPV7KHPRGHOLVEDVHGRQV\VWHP
G\QDPLFV DSSURDFK DQG SUHVHQWV D ³OHDQQHVV VFRUH´ IRU WKH PDQXIDFWXULQJ V\VWHP ,Q DGGLWLRQ LW H[DPLQHV WKH G\QDPLFV











RI LQQRYDWLRQV LQ SURFHVVHV DQG WHFKQRORJLHV PDQXIDFWXULQJ
V\VWHP¶ PDQDJHUV DUH IDFLQJ WKH QHHG WR FRQWLQXRXVO\ DGDSW
WKHV\VWHPDUFKLWHFWXUHDQGWKHRSHUDWLRQDOSDUDPHWHUVWRPHHW
SURILWDEOHRSHUDWLQJFRQGLWLRQVDQGUHPDLQFRPSHWLWLYH LQ WKH
JOREDO PDUNHW >@ 1XPHURXV FRPSDQLHV KDYH DGRSWHG OHDQ
SURGXFWLRQLQRUGHUWRVXUYLYHLQWRGD\¶VFRPSHWLWLYHPDUNHWV
2QH RI WKHPDLQ WRROV RI OHDQPDQXIDFWXULQJ LV WDNW WLPH
$FFRUGLQJ WR WKH %RHLQJ ZHEVLWH UHJDUGLQJ /HDQ LQLWLDWLYHV
³/HDQ GRHV QRW PHDQ GRLQJ WKLQJV IDVWHU LW PHDQV GRLQJ
WKLQJV DW WKH ULJKW SDFH (VVHQWLDOO\ WKH FXVWRPHU
V UDWH RI
GHPDQG HVWDEOLVKHV WKH SDFH RU WDNW WLPH´ 5DWKHU WKDQ
PD[LPL]LQJWKHSURGXFWLRQUDWHDQGIDFWRU\XWLOL]DWLRQWRWKHLU
IXOOHVWSRWHQWLDOSURGXFWLRQUDWHVDUHGHWHUPLQHGE\FXVWRPHU
GHPDQG HQVXULQJ WKDW FXVWRPHU QHHGV FDQ EH VDWLVILHG LQ D
WLPHO\DQGSUHGLFWDEOHIDVKLRQ
7KHPDLQDGYDQWDJHVRIV\VWHPG\QDPLFVLQFOXGHDPHDQV
WR XQGHUVWDQG WKH V\VWHP E\ LGHQWLI\LQJ UHODWLRQVKLSV DPRQJ
IDFWRUV WKH XVH RI D VWUXFWXUHG PRGHO WKDW DOORZV GHFLVLRQ
PDNHUV WR VLPXODWH FXUUHQW IXQFWLRQLQJ RI WKH V\VWHP DQG WR
H[SORUH RSSRUWXQLWLHV IRU LPSURYHPHQW DQG DVVLVWDQFH IRU




WLPH RQ OHDQQHVV VFRUH $ V\VWHP G\QDPLFV DSSURDFK LV
DGRSWHG WR PRGHO D PXOWLSURGXFW PXOWLVWDJH SURGXFWLRQ
V\VWHPIRUWKDWSXUSRVH
/LWHUDWXUHUHYLHZ
6LPXODWLRQ RI OHDQ V\VWHP SHUIRUPDQFH FRPSULVHV D
VLJQLILFDQW VKDUH RI OHDQ G\QDPLFV OLWHUDWXUH $Q DQDO\VLV RI
WKH SHUIRUPDQFH RI MXVWLQWLPH SURGXFWLRQ V\VWHPV ZDV
© 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the International Scientifi c Committee of “The 47th CIRP Conference on 
Manufacturing Systems” in the person of the Conference Chair Professor Hoda ElMaraghy” 
578   Rehab M. Ali and Ahmed M. Deif /  Procedia CIRP  17 ( 2014 )  577 – 581 
FRQGXFWHGZLWKH[SORULQJWKHHIIHFWVRIRSHUDWLQJSROLFLHVRQ
V\VWHPSHUIRUPDQFHPHDVXUHVLQ>@$IXUWKHUZRUNZDVGRQH
E\ H[DPLQLQJ WKH SHUIRUPDQFH RI PXOWLLWHP PXOWLOLQH
PXOWLVWDJH -,7 DQG WKH LPSDFW RI VRPH IDFWRU VHWWLQJV RQ
VRPHSHUIRUPDQFHPHDVXUHVYLDVLPXODWLRQZLWK6/$0,,LQ
>@7KHXVHRIGLVFUHWHHYHQWVLPXODWLRQZDVGHPRQVWUDWHGDV
D WRRO WR DVVLVW RUJDQL]DWLRQVZLWK WKHGHFLVLRQ WR LPSOHPHQW
OHDQPDQXIDFWXULQJE\TXDQWLI\LQJWKHEHQHILWVDFKLHYHGIURP
DSSO\LQJOHDQSULQFLSOHVLQ>@$QDVVHVVPHQWRIFXUUHQWDQG
IXWXUH YDOXH VWUHDP PDS 960 YLD VLPXODWLRQ ZLWK $UHQD
ZDVGHYHORSHGE\>@
7KHQHHGIRUOHDQDVVHVVPHQWLVDSSDUHQWDVDFRQVHTXHQFH
RI WKH GLYHUJHQFH DPRQJ DXWKRUV LQ LGHQWLI\LQJ OHDQ
SURGXFWLRQZKLFKOHDGWRFRQIXVLRQLQWKHWKHRUHWLFDOOHYHODQG
SUREOHPDWLFLVVXHVLQWKHSUDFWLFDOOHYHO6RHDFKRUJDQL]DWLRQ
ZDQW WR LPSOHPHQW OHDQ SURGXFWLRQ VKRXOG VHOHFW WRROV
FRQFHSWV WHFKQLTXHV WKDW VDWLVI\ LWV RZQ QHHGV >@ 'DWD
(QYHORSPHQW $QDO\VLV '($ WHFKQLTXHZDV XVHG E\ >@ WR
PHDVXUH WKH RYHUDOO OHDQQHVV RI D YDOXH VWUHDP PDSSLQJ
960FRQVLGHULQJFRVWWLPHDQGRXWSXWYDOXH7RDVVHVVWKH




DSSURDFKZDVXVHGDVD JXLGH WR WKH OHDQ LPSOHPHQWDWLRQE\
UHFRJQL]LQJZHEEDVHGSURJUDPIRUHDFKXVHUWRHYDOXDWHWKH
FXUUHQW VWDWXV RI RUJDQL]DWLRQ DQG WKH RSSRUWXQLWLHV IRU
LPSURYHPHQW LQ >@ )X]]\ PHPEHUVKLS IXQFWLRQV ZHUH
GHYHORSHGDVDQDSSURDFKWRHYDOXDWHWKHOHDQSHUIRUPDQFHRI
PDQXIDFWXULQJ V\VWHPV E\ >@ :LWK WKH JURZWK RI JUHHQ
WHFKQRORJLHV DQG LWV FRQQHFWLRQ ZLWK OHDQ WHFKQRORJLHV DQ
DVVHVVPHQW PHWKRGRORJ\ IRU VLPXODWLQJ RSWLPL]LQJ DQG
YDOXDWLQJ D PDQXIDFWXULQJ V\VWHP¶V SHUIRUPDQFH LQGLFDWRUV
ZKLOH XVLQJ D WDLORUHG FRPELQDWLRQ RI OHDQ DQG JUHHQ
VWUDWHJLHVZDVGHYHORSHGE\>@
$Q DSSURDFK WR G\QDPLFDOO\ PRGHO DQG DQDO\]H
PDQXIDFWXULQJV\VWHPVDQGHVSHFLDOO\WKHLUGLIIHUHQWSODQQLQJ
DQG FRQWURO SROLFLHV LV V\VWHPG\QDPLFV 6' LQWURGXFHGE\
>@ 6' KDV GLVWLQFWLYH SHUIRUPDQFH ZKHQ FRQVLGHULQJ
VWUDWHJLFLVVXHVLQPDQXIDFWXULQJFRPSDQLHV>@$SSOLFDWLRQ
RI 6' LQ PDQXIDFWXULQJ V\VWHPV WR GDWH IRFXVHG PDLQO\ RQ
SXUH LQYHQWRU\ G\QDPLFV DQG VXSSO\ FKDLQ ZKHUH WKH
REMHFWLYHZDV WR VWXG\ KRZ WKH V\VWHP FDQ EH GHVLJQHG DQG
DQDO\]HG WRUHVSRQGWRXQDQWLFLSDWHGGHPDQGZLWKPD[LPXP
VWDELOLW\ DQG PLQLPXP FRVW >@ 6\VWHP G\QDPLFV
VLPXODWLRQ PRGHO ZDV DOVR XVHG E\ >@ WR H[SORUH DQG
XQGHUVWDQG KRZ WKH SK\VLFDO IORZ LQIRUPDWLRQ IORZV DQG
FRPSDQ\ SROLFLHV LQWHUDFW WR JHQHUDWH WKH G\QDPLFV RI WKH
UHPDQXIDFWXULQJ SURFHVV DQG WR LQYHVWLJDWH DQG HYDOXDWH
HIIHFWLYH FRQWURO VWUDWHJLHV DLPHG DW LPSURYLQJ WKH
SHUIRUPDQFHRIWKHV\VWHP
$ G\QDPLFPRGHO IRU FDSDFLW\ VFDOLQJZDV GHYHORSHG LQ
UHFRQILJXUDEOH PDQXIDFWXULQJ V\VWHPV 506 DQG ZDV
DQDO\]HGEDVHGRQFRQWUROWKHRUHWLFDSSURDFKHVWRLQGLFDWHWKH
EHVW GHVLJQ IRU WKH VFDOLQJ FRQWUROOHU >@ $ SURSRVHG 6'
VLQJOH VWDJH PRGHO IRU FDSDFLW\ VFDODELOLW\ LQ PDNHWRRUGHU
PDQXIDFWXULQJ ZDV SUHVHQWHG >@ ,W XVHG YDULRXV
SHUIRUPDQFH PHDVXUHV WR H[DPLQH WKH EHVW VFDOLQJ SROLF\
XQGHU GLIIHUHQW GHPDQG VFHQDULRV $OVR 6' ZDV XVHG WR
FRPSDUHEHWZHHQ WUDGLWLRQDO VXSSO\ FKDLQ DQG OHDJLOH VXSSO\
FKDLQ >@ 7KH LPSDFW RI G\QDPLF GLVWXUEDQFHV LQ
PDQXIDFWXULQJSURFHVVRQWKHSURGXFWLRQSODQQLQJDQGFRQWURO










UXOHV DQG UHFRPPHQGDWLRQV WR DSSO\ OHDQ PDQXIDFWXULQJ RU
WKH GLIIHUHQW DSSURDFKHV WR LPSURYH PDQ\ DVSHFWV RI OHDQ
PDQXIDFWXULQJ WRROV $OWKRXJK WKH OLWHUDWXUH RIIHUHG WRROV
PRGHOV DQG WHFKQLTXHV WR DVVHVV WKH OHDQQHVV GHJUHH RI





G\QDPLFV PRGHO GHYHORSHG E\ >@ WR DVVHVV WKH HIIHFW RI




DQG WKH QHZPRGHO LV VKRZQ LQ )LJ  7KH DQDO\VLV RI WKH
PDQXIDFWXULQJ V\VWHP ZLOO FRPSDUH WZR VFHQDULRV RI
SURGXFWLRQ VHW E\ WKH SURGXFWLRQ SODQQHUV 7KH ILUVW LV WR
SURGXFHDWWKHRULJLQDOF\FOHWLPHDQGWKHVHFRQGLVWRSURGXFH
DWWKHWDNWWLPH
7KH PDQXIDFWXULQJ V\VWHP LV FRPSRVHG RI IRXU
FRPSRQHQWV ZKLFK DUH SURGXFWLRQ V\VWHP TXDOLW\ V\VWHP
EDFNORJ V\VWHP DQG OHDQQHVV VFRUH HYDOXDWLRQ V\VWHP 7KH
SURGXFWLRQ V\VWHP LQYROYHV IRXU VWDJHV WKUHH RI WKHP DUH
FRQFHUQHGZLWKPDQXIDFWXULQJDQG WKH IRXUWK LV WKHILQLVKLQJ
VWDJH7KHIRXUVWDJHVDUHFRQWUROOHGE\VWRFKDVWLFF\FOHWLPH
IRU HDFK VWDJH ,Q DGGLWLRQ WKH TXDOLW\ V\VWHP LV EDVHG RQ
VDPSOLQJ WHFKQLTXHVDW WKHHQGRI WKHPDQXIDFWXULQJSURFHVV
DQGLVFRQWUROOHGE\LQVSHFWLRQWLPH)XUWKHUPRUHWKHEDFNORJ
V\VWHP LV DQ LQGLFDWLRQ RI WKH GHOD\ EHWZHHQ WKH SODFHPHQW
DQG GHOLYHU\ RI RUGHUV )LQDOO\ WKH OHDQQHVV VFRUH V\VWHP LV
FRPSRVHG RI WKUHH PHWULFV ZKLFK DUH 2YHUDOO (TXLSPHQW




WR SURYLGH DQ LQGLFDWRU RI VXFFHVV ,Q DGGLWLRQ 26/ LV WKH
OHYHO DW ZKLFK WKH FXVWRPHU RUGHUV LV ILOOHG RQ WLPH
)XUWKHUPRUH 2:( LV DQ LQGLFDWRU RI WKH DFFXPXODWLRQ RI
:,3 RYHU WLPH UHIOHFWLQJ LQWHUQDO HIILFLHQF\ DV ZHOO DV
VWDELOLW\



















,Q WKLV VHFWLRQ WKH DQDO\VLV RI WKH PXOWLVWDJH PXOWL
SURGXFW PDQXIDFWXULQJ V\VWHP LV SURYLGHG 7KLV DQDO\VLV
H[DPLQHVWKHG\QDPLFVDVVRFLDWHGZLWKSDFLQJWKHSURFHVVHV¶
F\FOH WLPH ZLWK WDNW WLPH DQG LWV LPSDFW RQ WKH RYHUDOO
OHDQQHVVVFRUH7KHPRGHOLVVLPXODWHGIRUKRXUV
7KHLPSDFWRI³WDNWWLPH´RQWKHRYHUDOO:,3HIILFLHQF\
2QHSLHFH IORZ PHDQV WKDW SDUWV DUH PRYHG WKURXJK
RSHUDWLRQV IURP VWHS WR VWHS LGHDOO\ZLWK QRZRUNLQSURFHVV
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$QDO\VLV RI WKH ILJXUH VKRZV WKDW SURGXFLQJ DW WDNW WLPH
VXSHUVHGHVWKHSURGXFWLRQZLWKWKHRULJLQDOF\FOHWLPHVIURPD
:,3 SHUIRUPDQFH SHUVSHFWLYH 7KH GHFOLQH LQ WKH :,3
HIILFLHQF\LQERWKVFHQDULRVLVPDLQO\GXHWRWKHDFFXPXODWLRQ
RI :,3 RYHU WLPH 7KLV KLJKOLJKWV WKH LPSRUWDQFH RI
LPSOHPHQWLQJ RWKHU OHDQ WRROV WKDW FDQ PDQDJH WKH
DFFXPXODWHG:,3 VXFK DV -,7 WHFKQLTXHV DQG QRW GHSHQGLQJ
RQO\RQSURGXFLQJDWWDNWWLPHVWUDWHJ\7DNW WLPHVWUDWHJ\ LV
ZLOO VKRZ LWV EHVW HIILFLHQF\ LQ YHU\ VWDEOH DQG EDODQFHG




7KH REMHFWLYH RI WKH2((PHWULF LQ WKH OHDQ FRQWH[W LV WR
LGHQWLI\ VRXUFHV RI ORVVHV WKDW DIIHFW WKH DELOLW\ WR DFKLHYH
EXVLQHVVJRDOVZKLFKWKHQFDQXQFRYHUPXOWLSOHRSSRUWXQLWLHV
RI LPSURYHPHQW VWUDWHJLHV )LJ  FRPSDUHV WKH2(( IRU WKH
LQYHVWLJDWHGSURGXFWLRQVFHQDULRV
)LJ2((ZLWKF\FOHWLPHDQGWDNWWLPH
,W LV VKRZQ IURP WKH ILJXUH WKDW SURGXFLQJ DW WDNW RU DW
F\FOH WLPH ZRXOG KDYH FORVH LPSDFW RQ 2(( 7KH UHDVRQ
EHKLQG WKDW LV WKHGHSHQGHQFHRI2((PDLQO\RQTXDOLW\DQG
UHOLDELOLW\ RI WKH V\VWHP DQG ERWK DUH QRW VHQVLWLYH WR WKH
SURGXFWLRQWLPHSROLF\
7KHLPSDFWRI³WDNWWLPH´RQWKHRYHUDOOVHUYLFHOHYHO
7KH RYHUDOO VHUYLFH OHYHO 26/PHDVXUHV WKH
UHVSRQVLYHQHVV RI D V\VWHP WR FXVWRPHU RUGHUV )LJ 
FRPSDUHV WKH LPSDFW RI SURGXFLQJ DW WDNW WLPH DQG QRUPDO
F\FOHWLPHRQRYHUDOOVHUYLFHOHYHO
)LJ26/ZLWKF\FOHWLPHDQGWDNWWLPH
7KH DQDO\VLV RI )LJ  LQGLFDWHV WKDW SURGXFLQJ DW QRUPDO
F\FOHWLPHVVHWE\WKHSURGXFWLRQSODQQHUVZLOOOHDGWRDEHWWHU
26/WKDQSURGXFLQJDW WDNW WLPH IRUVRPHSHULRGRI WLPHDV
ERWK UHDFK  ODWHU 7KLV FDQ EH H[SODLQHG E\ UHDOL]LQJ
WKDWHOLPLQDWLQJ:,3XVLQJWDNWWLPHZLOOFRPHRQWKHH[SHQVH
RI V\VWHP¶V UHVSRQVLYHQHVV IRU VRPH WLPH WLOO WKH V\VWHP
UHDFKHV LWV VWDELOLW\ DW WKLV SDFH 7KLV LVZKDW SURSRQHQWV RI
DOORZLQJ:,3 DFFXPXODWLRQ UHIHUV WR DV WKH UROH RI:,3 WR
UHVSRQG TXLFNO\ WR GHPDQG DW WKH HDUO\ VWDJH RI SURGXFWLRQ
+RZHYHU D WUDGHRII VKRXOG EH FRQVLGHUHG DW WKLV SRLQW WR
EDODQFH EHWZHHQ WKLV TXLFN UHVSRQVH DW WKLV VKRUW SHULRG
YHUVXV WKHRWKHUQHJDWLYH LPSDFWV RI KLJK:,3DFFXPXODWLRQ
OHYHOV
7KHLPSDFWRI³WDNWWLPH´RQWKHOHDQQHVVVFRUH
)LJ  FRPSDUHV WKH RYHUDOO LPSDFW RI SURGXFLQJ DW ³WDNW
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7KH WRWDO OHDQQHVV VFRUH VKRZV DEHWWHU SHUIRUPDQFHZLWK
WKHLPSOHPHQWDWLRQRISURGXFLQJDWWDNWWLPHSROLF\7KHQHZ
GHYHORSHG PHWULF VXSSRUWV WKH LPSRUWDQFH RI V\QFKURQL]LQJ




WKH GHJUHH RI OHDQQHVV LQ DQ\ RUJDQL]DWLRQ XQGHU VWRFKDVWLF
FRQGLWLRQV7KHPRGHODQDO\]HGWKHG\QDPLFVDVVRFLDWHGZLWK
PDQXIDFWXULQJ V\VWHPV SURGXFLQJ DW WDNW WLPH YHUVXV




x ,PSOHPHQWDWLRQRIWDNWWLPHZLOO LPSURYH WKHRYHUDOO:,3
HIILFLHQF\ WR D JRRG YDOXH ,W KHOSV GHFUHDVLQJ WKH :,3
EHWZHHQVWDJHVDQGWKHILQLVKHGJRRGLQYHQWRU\+RZHYHU
PDQDJLQJ DFFXPXODWHG :,3 LQ OHDQ V\VWHPV VKRXOG EH
WKURXJKLQWHJUDWLQJWDNWWLPHSURGXFWLRQSROLFLHVZLWKRWKHU
-,7WHFKQLTXHV
x 7DNW WLPH SROLF\ KDV QR VLJQLILFDQW LPSDFW RQ WKH RYHUDOO
HTXLSPHQW HIIHFWLYHQHVV 2(( DV LW LV SULPDULO\ GHSHQGV
RQTXDOLW\DQGV\VWHPUHOLDELOLW\
x $OWKRXJK LWZDV H[SHFWHG WKDW WKH WDNW WLPHZLOO LQFUHDVH
UHVSRQVLYHQHVV OHYHO WKH UHVXOWV VKRZV WKDW LW LV QRW WKH
FDVHIRUWKHHDUO\SURGXFWLRQSHULRGZKHQFRPSDUHGWRWKH
GLIIHUHQW F\FOH WLPH SURGXFWLRQ VFHQDULR 6R WUDGHRII
DQDO\VLV LV QHHGHG WR EDODQFH EHWZHHQ WKH SRVLWLYH DQG




LV QRW WKH FDVH LQ WKH SUDFWLFDO H[SHULHQFH 7KXV ZLWK
PDQXIDFWXULQJ V\VWHPV QRZDGD\V VXIIHULQJ IURP YDULRXV
G\QDPLFV YDULDELOLW\ DQG LQVWDELOLWLHV VLPLODU G\QDPLF
DQDO\VLVRIOHDQV\VWHPVFRPHVZLWKFUXFLDOLPSRUWDQFH

7KH GHYHORSHG PRGHO ZLWK LWV QHZ PHWULF VXSSRUWV WKH
LPSRUWDQFH RI DGRSWLQJ WDNW WLPH SURGXFWLRQ SROLFLHV ,W DOVR




)XWXUH ZRUN LV UHTXLUHG WR LQYHVWLJDWH WKH LPSDFW RI
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SDUDPHWHUV LQYROYHG LQ WKH PRGHO ZLOO KHOS LQ EHWWHU
XQGHUVWDQGLQJ WKH UROH RI WKHVH SDUDPHWHUV LQ OHDQ V\VWHP
SHUIRUPDQFH
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